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Welcome to ISINP 
 

The human organism is an integrated network, where multi-component organ systems, each with its own 

regulatory mechanism, continuously interact to coordinate their function. Physiological interactions occur at 

multiple levels and spatio-temporal scales to produce distinct physiologic states, e.g. wake and sleep, 

consciousness and unconsciousness. Disrupting organ communications can lead to dysfunction of individual 

systems or collapse of the entire organism, as observed under clinical conditions such as sepsis, coma and 

multiple organ failure. Yet, despite its importance to basic physiologic functions, the nature of interactions 

between diverse organ systems and sub-systems, and their collective role in maintaining health is not known. 

Further, there are no adequate analytic tools and theoretical framework to probe these interactions. 

Despite the vast progress and achievements in systems biology and integrative physiology in the last 

decades, we do not know the basic principles and mechanisms through which diverse physiological systems 

and organs dynamically interact and integrate their functions to generate a variety of physiologic states at the 

organism level. 

The emerging new interdisciplinary field of Network Physiology aims to address this fundamental question. In 

addition to defining health and disease through structural, dynamical and regulatory changes in individual 

physiological systems, the new conceptual framework of Network Physiology focuses on the coordination 

and network interactions among diverse organ systems and sub-systems as a hallmark of physiologic state 

and function. 

Novel concepts and approaches derived from recent advances in network theory, coupled dynamical systems, 

statistical and computational physics, signal processing and biological engineering show promise to provide 

new insights into the complexity of physiological structure and function in health and disease, bridging sub-

cellular level signaling with inter-cellular interactions and communications among integrated organ systems 

and sub-systems. These advances form first building blocks in the methodological formalism and theoretical 

framework necessary to address the problems and challenges in the field of Network Physiology. 

This international summer institute will integrate empirical and theoretical knowledge across disciplines with 

the aim to understand in different contexts, from extensive data analysis and modeling approaches to clinical 

practice, how diverse physiological systems and sub-systems dynamically interact to produce health and 

disease. 

This will be an interactive event with lectures ranging from physics and applied mathematics to neuroscience, 

physiology and medicine, covering a range of physiological systems from the cellular to the organ level, and 

will discuss the challenges, current frontiers and future developments in the emerging field of Network 

Physiology. 

Presentations on basic research will be combined with lectures by leading physiologists and clinicians, 

working with large medical and ICU databases. 

This International Summer Institute aims to provide a relaxed setting where lecturers and attendees interact 

throughout the course of the week. We have speakers, prominent leaders in their respective fields, who will 
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present new directions in the theory of networks of dynamical systems, brain and neuronal dynamics, tissues 

and cell assemblies, pair-wise and network interactions of organ systems and sub-systems, and advanced 

methods from non-linear dynamics and synchronization phenomena. 

 The Summer Institute will address a diverse audience of graduate students, postdoctoral fellows, research 

scientists and faculty across a broad range of disciplines and fields from physics, applied mathematics and 

biomedical engineering to neuroscience, physiology and clinical medicine. 

 

We look forward to a product meeting in Como! 

 

Plamen Ch. Ivanov 

Director, First International Summer Institute on Network Physiology 

 

24 July 2017, Como, Italy 
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Sponsors 
 

 

 

Fondazione Alessandro Volta 

 

 

 

 

        W.M. Keck Foundation  
This international institute builds on groundbreaking research 

in Network Physiology that has been made possible by support 

from the W.M. Keck Foundation. 

 

 

 

  

     Physiological Measurement 
     An interdisciplinary journal that covers the quantitative 

measurement and visualization of physiological structure and 

function in clinical research and practice, with an emphasis on 

the development of new methods of measurement and their 

validation. 

     

                                                                              

 

Europhysics Letters                                                                                            

A letters journal exploring the frontiers of physics 

            

  

 

                                          

The European Physical Society                                            

A federation of 41 National Physical Societies in Europe, with 

members from all fields of physics, and European research 

institutions, focusing on issues of concern to all European 

countries relating to physics research, science policy and 

education. 
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Guger Technologies 
  g.tec is a growing enterprise for biomedical devices with focus on 

Brain-Computer interface and now sells its systems and products in 

more than 60 countries worldwide. All hardware and software 

development is done in-house by a team of researchers, engineers 

and developers. g.tec is also an active member in a number of 

national and international research projects and is active in scientific 

publishing. 
 

 

   Moberg Research, Inc.  
     Moberg products integrate physiological and medical information 

to support decision-making that transforms neurocritical care. 
 

 

   IOP Publishing  
    More than a physics publisher. 

 

              

                     

  IPEM 
   IPEM is the Learned Society and professional organisation for     

   physicists, clinical and biomedical engineers and technologists   

   working in medicine and biology. 
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School Director 

 
Plamen Ch. Ivanov 

Professor Ivanov, PhD, DSc, is Director of the Keck Laboratory for Network Physiology at Boston University, 

Associate Physiologist at the Division of Sleep Medicine, Brigham and Women’s Hospital, and Lecturer in 

Medicine at Harvard Medical School. 

He has introduced innovative ways of analyzing and modeling physiologic systems, adapting and developing 

concepts and methods from modern statistical physics and nonlinear dynamics. He has investigated the 

complex dynamics and underlying control mechanisms of a range of physiological systems, including studies 

on cardiac and respiratory dynamics, sleep-stage transitions, circadian rhythms, locomotion and brain 

dynamics, and has uncovered basic laws of physiologic regulation. 

Dr. Ivanov has pioneered the study of dynamical network interactions of physiological organ systems, and 

has initiated Network Physiology as a new field of research. His current research focuses on developing 

methods of data analysis and a theoretical framework to understand how physiologic states and functions 

emerge out of organ network interactions, and how diverse organ systems coordinate and integrate their 

functions to produce health or disease. 

His discoveries have been featured in the media, including New Scientist, Nature Science Update, Nature 

Medicine: Research Highlights, The Washington Post, Science News, The Boston Globe, Physics World. He 

has served on the Editorial and Advisory Boards of nine scientific journals, including EPL (Europhysics 

Letters), EPJ Nonlinear Biomedical Physics, Journal of Biological Physics (JOBP), Frontiers in Fractal 

Physiology, Physiological Measurement, and has organized, co-chaired and chaired international workshops, 

symposia and conferences. 

For his pioneering applications of statistical physics and nonlinear dynamics to physiology and biomedicine, 

and for uncovering fundamental scaling and multifractal properties, self-organized criticality, sleep- and 

circadian-related phase transitions in physiologic dynamics, he was elected Fellow of the American Physical 

Society in 2010. He is recipient of the Sustained Research Excellence Award of the Biomedical Research 

Institute at Harvard Medical School, the Georgi Nadjakov Medal of the Bulgarian Academy of Sciences, the 

Pythagoras (Pitagor) Prize for scientific achievements and the W. M. Keck Foundation Award. 

Email: lab.network.physiology@gmail.com   

 

 

 

 

 

 

 

 

 

 

https://sites.google.com/site/labnetworkphysiology/home
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Speakers 
 

Ronny P. Bartsch 

Dr. Bartsch studied physics in Konstanz, Germany where he received a M.Sc. degree in theoretical physics 

in July 2003, and at Bar-Ilan University, Israel where he received his PhD in June 2009. He was a post-

doctoral fellow at the Division of Sleep Medicine, Harvard Medical School from 2008 till 2012, after which he 

joined the faculty at the same division as an Instructor in Medicine. In April 2014, Dr. Bartsch joined the 

Physics Department at Boston University as a Research Assistant Professor. Currently he is a Senior 

Lecturer at the Physics Department, Bar-Ilan University. Dr. Bartsch applies methods from statistical and 

computational physics and nonlinear dynamics to study physiologic systems, sleep regulation, circadian 

rhythms, and how physiologic transitions affect coupling between organ systems. He is recipient of the 

prestigious German DAAD Fellowship for the period 2010-2012. In 2012 he was awarded the Young 

Investigator of the Year Prize by the German Society of Sleep Medicine, and in 2014 he won a “Marie Curie” 

fellowship from the European Commission. 

Email: bartsch.ronny@gmail.com 

 

Stefano Boccaletti 

Professor Boccaletti received his PhD in Physics at the University of Florence in 1995. He was Associated 

Professor in Physics at the University of Navarre, Spain, winner of the individual EU grant “Marie Curie”, 

senior researcher at the National Institute of Optics, Florence, Italy, and Chair of the Computational Systems 

Biology Department at the Technical University of Madrid. Currently, he is senior Researcher at the Institute 

for Complex Systems in Florence and Scientific Attache’ at the Italian Embassy in Israel. He is also Visiting 

Scientists at the Weizmann Institute of Science, and Honorary Professor at the University of Tel Aviv, the 

University of Bar Ilan, and the East China Normal University of Shanghai. His main contributions are in the 

areas of pattern formation and competition in excitable media, control and synchronization of complex 

dynamics, and theory of complex and multi-layer networks with applications in social sciences, technology, 

biology and medicine. He is the Editor-in-Chief of the journal Chaos, Solitons and Fractals, member of the 

Editorial Boards of Chaos (AIP), International Journal of Bifurcation and Chaos, and Associated Editor of the 

journal Mathematical Biosciences and Engineering (American Institute of Mathematical Sciences). Prof. 

Boccaletti is a Honorary Member of the Italian Society for Chaos and Complexity, Doctor Honoris Causa of 

the University Rey Juan Carlos of Madrid, and member of the Academia Europaea. 

Email: stefano.boccaletti@gmail.com 

 

Eberhard Bodenschatz 

Professor Bodenschatz received his doctorate in theoretical physics from the University of Bayreuth in 1989. 

In 1991, during his postdoctoral research at the University of California at Santa Barbara, he received a 

faculty position in experimental physics at Cornell University.  From 1992 until 2005, during his tenure at 

Cornell he was a visiting professor at the University of California at San Diego (1999-2000). In 2003 he 

became a Scientific Member of the Max Planck Society and since 2005 is at the Max Planck Institute for 



8 

 

Dynamics and Self-Organization, Göttingen and since 2007 Professor of Physics at the Georg August 

University of Göttingen. He continues to have close ties with Cornell University where he is Adjunct Professor 

of Physics and of Mechanical and Aerospace Engineering. His research is focusing on the Dynamics of 

Complex Matter in Nature. He is an elected member of the Academy of Sciences at Göttingen (Akademie 

der Wissenschaften zu Göttingen), received a honorary doctorate from the ENS Lyon, and is elected fellow 

of the American Physical Society (APS), the Institute of Physics (IOP), the European Physical Society (EPS), 

and the European Mechanics Society (EuroMech). He is a recipient of the Stanley Corrsin award of the APS. 

He is chair of the Chemistry, Physics and Technology Section of the Max Planck Society, and Member of the 

Steering Committee of the Max Planck Synthetic Biology Initiative.  For 11 years he was Editor in Chief of 

New Journal of Physics.  He serves on the editorial boards of PRF and Annual Review of Condensed Matter 

Physics. 

Email: eberhard.bodenschatz@ds.mpg.de 

 

Timothy G. Buchman   

Professor Buchman, PhD, MD, FACS, FCCP, MCCM is currently the founding director of the Emory 

University Critical Care Center (ECCC), which is integrates ICUs throughout the Emory Healthcare system. 

The Center has assembled clinicians, teachers and investigators from diverse disciplines to deliver the right 

care, right now, every time. He is a member of the External Faculty of the Santa Fe Institute, and advisor to 

the James S. McDonnell Foundation. Before joining Emory University, he served as the Edison Professor of 

Surgery and Director of Acute and Critical Care Surgery at Washington University in St. Louis. Prior to his 15 

years on the faculty at Washington University, Dr. Buchman directed the surgical intensive care unit and 

founded the trauma service at Johns Hopkins Hospital in Baltimore, where he completed his surgical training. 

His research has spanned the bench-to-bedside continuum, including NIH-funded studies of physiological 

dynamics; of patient monitoring; of the genetics of sepsis and of ICU end-of-life care. In the 1990’s, Dr. 

Buchman noticed that patients dying of sepsis seemed to have very monotonous vital signs, and 

demonstrated that the onset of sepsis is associated with uncoupling (and failure to recouple) of the various 

vital organs. This uncoupling in various critical illness forms the basis for novel monitoring and detection 

strategies. Dr. Buchman is past president of the Shock Society, the Society for Complex Acute Illness and 

the Society of Critical Care Medicine, the latter being the largest organization of critical care professionals 

worldwide. His current research work focuses on precision medicine in the acute care space, and his clinical 

activity focuses on promoting situation awareness in critical care to achieve better health, better care and 

lower costs. 

Email: tbuchma@emory.edu 

 

Edward T. Bullmore 

Professor Bullmore, MB, PhD, FRCP, FRCPsych, FMedSci, trained in medicine at the University of Oxford 

and St Bartholomew’s Hospital, London; then in psychiatry at the Bethlem Royal and Maudsley Hospital, 

London. He moved to Cambridge as Professor of Psychiatry in 1999 and is currently Clinical Director of the 

Behavioural and Clinical Neuroscience Institute, Co-Chair of Cambridge Neuroscience, Scientific Director of 

the Wolfson Brain Imaging Centre, and Head of the Department of Psychiatry, in the University. He is also 
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an honorary Consultant Psychiatrist and Director of R&D in Cambridgeshire and Peterborough Foundation 

NHS Trust; and, since 2005, he has worked half-time for GlaxoSmithKline, currently focusing on immuno-

psychiatry. He has been a pioneer of brain connectivity and network analysis with a focus on graph theoretical 

methods. He has published more than 500 scientific papers and his work has been highly cited. He recently 

co-authored “Fundamentals of Brain Network Analysis”. 

Email: etb23@medschl.cam.ac.uk 

 

Luca Faes 

Dr. Faes is Senior Researcher at the Bruno Kessler Foundation and the BIOtech Center of the University of 

Trento, Italy. He obtained his PhD in Electronic Engineering at the University of Trento (2003). He has been 

research fellow at the Department of Physics of the University of Trento (2004-2008) and visiting scientist at 

the State University of New York (2007), Worcester Polytechnic Institute (2010), University of Gent (Belgium, 

2013), University of Minas Gerais (Brazil, 2015), and Boston University (2016). He is a member of the IEEE 

Engineering in Medicine and Biology Society (IEEE-EMBS), the European Study Group on Cardiovascular 

Oscillations (ESGCO) and served on the Program Committee of several conferences on medical signal 

processing.  He is Associate Editor of the journal Computational and Mathematical Methods in Medicine, 

and of the Annual International Conference of the IEEE-EMBS, where he regularly organizes symposia and 

invited sessions. He was organizer and Program Chair of the 8th ESGCO conference (Trento, Italy, 2014). 

He works in the fields of statistical physics, computational physiology and neuroscience with focus on 

developing methods for multivariate time series analysis in the time, frequency and information domains, with 

applications to cardiovascular neuroscience, brain connectivity and brain-heart interactions. His recent 

research covers the information-theoretic analysis of physiological networks aimed at the characterization of 

brain, cardiac and multi-organ physiological mechanisms in physiological states and pathological conditions. 

Email: faes.luca@gmail.com 

 

Alexander Gorbach 

Dr. Alexander Gorbach worked at the Institute of Higher Nervous Activity and Neurophysiology, USSR 

Academy of Sciences, Moscow, Russia, where he was awarded a PhD in human and animal physiology for 

design and validation of optical magneto-encephalography method.  In 1991 Dr. Gorbach was invited to be 

a postdoctoral research fellow at the National Institute of Neurological Disorders and Stroke (NINDS), NIH, 

USA. His project was focused on clinical application of SQUID magneto-encephalography for cortical 

mapping. In 1992-1993 Dr. Gorbach was an Assistant Professor at the University of California School of 

Medicine at Los Angeles.  In 1994-1995 he was a consultant for GE-Corporate Research & Development, 

Schenectady, New York, and for Hughes Research Laboratories, Malibu, California, USA.  In 1995 Dr. 

Gorbach was invited to joint Surgical Neurology Branch, NINDS, NIH as a Special Expert.  He was first to 

introduce intraoperative infrared functional imaging method capable to monitor the human cortex in real time. 

In 2000 he designed a procedure for objective, real-time, intraoperative assessment of perfusion during renal 

transplantation in human.  In 2005 he described renal thermal oscillations during steady state and ischemic 

conditions in animals and humans. Currently, Dr. A Gorbach is a staff researcher and Chief of Unit at the 

National Institute of Biomedical Imaging and Bioengineering, NIH, USA.  His main interests are in the areas 
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of thermoregulation, functional connectivity of the brain, experimental evidence of complex dynamics, pattern 

formation, autoregulation and synchronization in microcirculation with applications to clinical research. 

Email: gorbacha@mail.nih.gov 

 

Klaus Lehnertz 

Professor Lehnertz, PhD, is a Physicist and Director of the Neurophysics Group at the Department of 

Epileptology at Bonn University Medical Center. In addition, he is Co-Director of the Interdisciplinary Centre 

for Complex Systems and an affiliated member of the Helmholtz-Institute for Radiation and Nuclear Physics 

at Bonn University. He is Co-initiator of the International Seizure Prediction Group, which brings together 

researchers from a wide range of backgrounds including epileptology, neurosurgery, neurosciences, physics, 

mathematics, computer science, and engineering to deepen scientific and medical understanding of epilepsy 

and to develop new diagnosis, treatment and intervention options for patients with epilepsy. For more than 

two decades, his research group has been developing methods of data analysis and a theoretical framework 

to understand how brain sub-systems dynamically interact and coordinate functions under physiological and 

pathophysiological activities. His research interests include nonlinear dynamics, complex networks, statistical 

physics, neurophysics, computational physics, physics of imaging, medical physics, and epilepsy. He is the 

author of more than 200 original publications in international peer-reviewed journals, reviews, book chapters, 

and books. 

Email: Klaus.Lehnertz@ukbonn.de 

 

Kang K L Liu 

Dr. Liu is a statistical physicist who works at the interface of physics, neuroscience and physiology. After 

received his PhD in physics from Boston University in 2013, Dr. Liu did a postdoctoral research fellowship in 

the Division of Sleep Medicine at Brigham and Women’s Hospital, Harvard Medical School. He has also 

worked as a Research Scientist in the Department of Physics at Boston University and a Visiting Research 

Fellow at the Neurology Department of BIDMC, Harvard Medical School. Currently he is a Research Scientist 

at Brandeis University working on modeling synapse structure and growth with the aim to elucidate basic 

mechanisms underlying memory storage. Dr. Liu’s interdisciplinary research focuses on employing tools and 

concepts from statistical physics to understand complex behaviors and phenomena in physiological and 

biological systems. His research projects involve building statistical physics models inspired by observations 

from neuroscience experiments and developing data analysis methodology to probe networked interactions 

among physiological systems. 

Email: liukang2002507@gmail.com 

 

Hagen Malberg 

Professor Malberg, PhD, is Chair and Director of the Institute for Biomedical Engineering at Dresden 

University of Technology, Director of Steinbeis Research Center of Applied Biomedical Engineering, Dresden, 

and member of the Faculty of Electrical and Computer Engineering and the Medical Faculty “Carl Gustav 

Carus”, Germany. He received his PhD from Max-Delbrück-Center for Molecular Medicine in 1999. His work 

focuses on medical sensor technologies (contactless sensing, biosignal processing, decision support 
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machines, automatic control in medicine, medical robotics, medical imaging and image processing) with 

clinical applications in cardiovascular medicine (cardiology, intensive care, cardiac surgery, sleep medicine), 

ambient assisted living, neurosurgery and rehabilitation medicine. He is the inventor of 17 patents. His vision 

is to support the development of a new generation of medical devices — being comfortable, reliable, clinical 

suitable and predictive, cheaper and mobile. Dr. Malberg is a member of IEEE-EMBS, German Society of 

Biomedical Engineering (DGBMT), European Society of Cardiology, German Hypertension League, 

European Sleep Research Society (ESRS). He is Chair of the 24th annual congress of the German Society 

of Sleep Research and Sleep Medicine (DGSM) 2016 and the Joint Congress of the German Society of 

Biomedical Engineering (DGBMT) and the German, Austrian and Swiss Societies of Medical Physics (DGMP) 

2017.    Email: hagen.malberg@tu-dresden.de 

 

Dick Moberg  

Dick Moberg has degrees in Electrical Engineering and Biomedical Engineering from the University of 

Pennsylvania in Philadelphia. He is the founder and CEO of Moberg Research, Inc. which performs research 

and development in the field of neurocritical care. He has been actively involved in clinical neuromonitoring 

for over 40 years with most of that time in industry. He and his colleagues have developed three generations 

of commercial brain monitors used in surgery and critical care. The most recent focus has been to develop a 

system to collect and time-synchronize high-resolution data from patients in neurocritical care.  The data 

from this device reveals important dynamics of the injured brain. He is leading an international collaboration 

to develop a new “medical record for the brain”. The data in this record greatly improves the existing medical 

record with better visualization and detection of events as well as patient state transitions. The hope is that 

with new analytic techniques and new concepts such as network physiology, clinicians will be able to provide 

more precise management for these brain injured patients. 

Email: dick@moberg.com 

 

J. Randall Moorman 

Randall Moorman, M.D., is Professor of Medicine, Physiology, and Biomedical Engineering at the University 

of Virginia where he is a clinical cardiologist and founding Director of the UVa Center for Advanced Medical 

Analytics. He completed his undergraduate and medical degrees at the University of Mississippi, did clinical 

training at Duke Hospital where he was Chief Medical Resident, and undertook basic science research 

training at Baylor in molecular electrophysiology and membrane biophysics. His research focuses on bedside 

prediction of subacute, potentially catastrophic illnesses using advanced mathematical and statistical pattern 

recognition analyses of time series data from clinical monitors. His work initially centered on neonatal sepsis, 

a life-threatening infection of the bloodstream, and now on adult patient deterioration in ICUs and hospital 

wards. He developed sample entropy for use in physiological time series, and he introduced coefficient of 

sample entropy for detection of atrial fibrillation. He is an inventor on 9 issued US patents, the 2014 UVa 

Innovator of the Year, and Chief Medical Officer of Advanced Medical Predictive Devices, Diagnostics, and 

Displays. He is vice-president of the Society for Complex Acute Illness and Editor-in-Chief of Physiological 

Measurement. 

Email: RM3H@hscmail.mcc.virginia.edu 
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Begonya Otal  

Begonya Otal holds a MSc and a PhD in Telecommunication Engineering from the Polytechnic University of 

Catalonia (UPC), Barcelona, Spain. She also has a MSc. in Cerebrovascular Medicine from the Charité 

University Hospital – Humboldt-Universität zu Berlin, Germany. Dr. Otal has worked as a researcher in 

multinational companies (Philips, Biotronik) and non-profit research institutions (CTTC, IDIBAPS-Hospital 

Clinic Barcelona, BDIGITAL Tech Center). Since 2016, Dr. Otal is part of g.tec medical engineering, a 

growing biomedical enterprise with two branches in Austria (Graz and Schiedlberg), one branch in Spain 

(Barcelona), one branch in the US (Albany, New York) and distribution partners all over the world. During the 

last 17 years, she strongly contributed on technological improvements in the medical and neuroscience fields, 

collaborating in a number of industrial and EU-funded R&D projects, and co-authoring around 40 publications 

and 8 patent applications. 

Email: otal@gtec.at 

 

Louis M. Pecora 

Dr. Pecora is currently a research physicist at the Naval Research Laboratory where he heads the section 

for Magnetic Materials and Nonlinear Dynamics in the Materials and Sensors branch. He received his B.S. 

degree in physics from Wilkes College in 1969. He then enrolled in the Syracuse University Solid State 

Science program from which he received a Ph.D. in 1977. His dissertation topics included the effects of 

adsorbed gases on the magnetic properties of fine iron particles. In 1977 he was awarded an NRC 

postdoctoral fellowship at the Naval Research Laboratory where he worked on applications of positron 

annihilation techniques in determining electronic states in copper alloys. This led to a permanent position at 

NRL. In the mid-1980’s Dr. Pecora moved into the field of nonlinear dynamics in solid state systems. Early 

work led to the discovery and characterization of chaotic transients in spin-wave behavior in yttrium iron 

garnets. Subsequent work has focused on the applications of chaotic behavior, especially the effects of 

driving systems with chaotic signals and coupling of nonlinear dynamical systems in complex networks. This 

has resulted in the discovery of synchronization of chaotic systems, control and tracking, and dynamics of 

many coupled, nonlinear systems. Recently his research interests have turned to quantum chaos and 

collective behavior of oscillators in large complex networks, especially using the techniques of computational 

group theory. Dr. Pecora has published over 150 scientific papers and has five patents for the applications 

of chaos. His original paper on the synchronization of chaotic systems has over 5000 citations and is the 10th 

most cited paper ever in Physical Review Letters.  In 1995 he received the Sigma Xi award for Pure Science 

for the study of synchronization in chaotic systems. In 2002 he was elected a Fellow of the American Physical 

Society and in 2016 he was elected a Fellow of the American Association for the Advancement of Science. 

Email: louis.pecora@nrl.navy.mil 

 

Thomas Penzel 

Professor Penzel, PhD, graduated from physics (1986), human biology (1991), and physiology (1995) at the 

University Marburg, Germany. In 1997 he received a certificate for sleep medicine and a certificate for 

medical informatics. In 2001 he became Professor at the University of Marburg. In 2006 he moved to Berlin 

and joined the interdisciplinary sleep medicine center at the Charité university hospital where he is the 
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scientific director of the sleep center. In 2001 he received the Bial award for clinical medicine in Portugal, in 

2008 the Bill Gruen Award by the Sleep Research Society, in 2012 the Somnus Award in Germany, and in 

2014 the distinguished development award by the Chinese sleep research society. He is the treasurer of the 

World Society for Sleep (WSS), the secretary of the German Sleep Society (DGSM), and the chair of the 

sleep medicine committee of the European Sleep Research Society (ESRS). He is a board member of the 

German Society on biomedical engineering (DGBMT) and chair of the IEEE EMB technical committee on 

cardiopulmonary systems. He published more than 200 journal papers, edited and coedited more than 10 

books and many book chapters. His work is dedicated to sleep research and sleep medicine in diagnostic 

methods, physiology and pathophysiology. Much is related to the cardiovascular system and to sleep 

disordered breathing. He is involved in non-linear signal processing and coupling between the cardiac and 

respiratory system, both under central cortical control during wakefulness and sleep. 

Email: thomas.penzel@charite.de 

 

Arkady S. Pikovsky 

Professor Pikovsky, PhD, is Chair of the Departmant of Physics and Astronomy, University of Potsdam, 

Germany. He graduated from the Gorky State University (USSR) in 1987, and worked in the field of nonlinear 

dynamics and theory of chaos in the Institute of Applied Physics of the Soviet Academy of Sciences. In 1990-

1992 was an Alexander von Humboldt fellow at the University of Wuppertal, Germany. Since 1992 he is with 

the University of Potsdam, first as a research fellow and since 1997 as Professor. His work is in the fields of 

space-time chaos, dynamical regimes at the border of chaos and order, synchronization theory, noise-

induced effects in nonlinear systems, methods of nonlinear data analysis of complex systems, patterns and 

structures, nonlinear and chaotic effects in disordered Hamiltonian dynamics. He is co-author of three 

monographs: “Synchronization: A Universal Concept in Nonlinear Sciences”, together with M. Rosenblum 

and J. Kurths, published by CUP in 2001; “Strange Nonchaotic Attractors” together with U. Feudel and S. 

Kuznetsov, published by World Sci. in 2006; “Lyapunov Exponents” together with A. Politi, published by CUP 

in 2016, and of more than 250 papers in refereed journals. Current research interests include study of 

complex synchronization regimes in networks of dynamical systems, with applications to life sciences. He 

served as panel member of the German Science Foundation (DFG) for Statistical Physics and Nonlinear 

Dynamics. A. Pikovsky is Fellow of the American Physical Society and Chaotic and Complex Systems Editor 

of Journal of Physics A: Mathematical and Theoretical. 

Email: pikovsky@uni-potsdam.de 

 

Caterina A. M. La Porta 

Caterina A. M. La Porta is currently research professor of General Pathology at University of Milan 

(permanent since 2002) and group leader of the Molecular Oncology Laboratory at the University of Milan. 

She graduated “cum laude” at the University of Milan in 1989, obtained the PhD in Physiological Science at 

the same University. She was postoctoral researcher at DFKZ in Heidelberg and Rockefeller University and 

fellow at Karolinska Institut in Stockholm. In the past few years she was visiting scientist in many university 

and institutes, including MIT, Cornell University and Aalto University. The focus of her group is to understand 

cancer progression and related mechanical properties. The group is also investigating the mechanisms 
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underlining neurodegenerative pathologies. Member of many international societies, referee and member of 

the editorial board of many international journals. She organized several workshops and conferences 

including two interdisciplinaray workshops on the physics of cancer funded by Cecam and ESF. 

Email: caterina.laporta@unimi.it 

 

Michael G.Rosenblum 

Professor Rosenblum, PhD, has been a research scientist and Professor in the Department of Physics and 

Astronomy, University of Potsdam, Germany, since 1997. His main research areas are nonlinear dynamics, 

synchronization theory, and time series analysis, with application to biological systems. The most important 

results include description of phase synchronization of chaotic systems, analysis of complex collective 

dynamics in large networks of interacting oscillators, development of feedback techniques for control of 

collective synchrony in neuronal networks (as a model of deep brain stimulation of parkinsonian patients), 

methods for reconstruction of oscillatory networks from observations, application of these methods to analysis 

of cardio-respiratory interaction in humans. He studied physics at Moscow Pedagogical University, and went 

on to work in the Mechanical Engineering Research Institute of the USSR Academy of Sciences, where he 

was awarded a PhD in physics and mathematics. He was a Humboldt fellow in the Max-Planck research 

group on nonlinear dynamics, and a visiting scientist at Boston University. He is a co-author (with A. Pikovsky 

and J. Kurths) of the book “Synchronization: A Universal Concept in Nonlinear Sciences”, Cambridge 

University Press, 2001 and has published over 100 peer-review publications, including 5 papers in the 

journals of the Nature Group and 11 papers in Physical Review Letters. Michael Rosenblum served as a 

member of the Editorial Board of Physical Review E. Since 2014 he is on the Editorial Board of Chaos: Int. 

J. of Nonlinear Science. He was named an American Physical Society Outstanding Referee for 2015. 

Email: mros@uni-potsdam.de 

 

Antonio Scala 

Dr. Scala, holds a Master degree in Physics and Computer Science from the University of Napoli “Federico 

II”, a PhD in condensed matter Physics from Boston University. He is a specialist in Operational Research 

and Decisional Strategies at the department of Statistics of Roma “La Sapienza”. He is also a research 

scientist in the CNR Institute for Complex Systems at the University of Roma “La Sapienza”, associate 

professor at IMT Alti Studi Lucca and research Fellow at the London Institute for Mathematical Sciences, 

LIMC. Dr. Scala is an interdisciplinary scientist with background in statistical physics and computer Science. 

He has published seminal papers on complex networks and has edited the first book on networks of networks 

(“Networks of Networks: The Last Frontier of Complexity”, Springer 2014). Currently, he works with the Italian 

National Health Institute on problems of vaccines and online misinformation. Recently, Dr. Scala has applied 

network science to set up a framework for representation and understanding of medical data in clinical 

dentistry and has published first case studies on applications of networks in childhood orthodontics. His 

research focuses on developing tools and metrics to derive knowledge from medical records, and 

complementing clinical trials with statistical analyses of large medical databases. 

Email: antonio.scala.phys@gmail.com 
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Ruedi Stoop 

Professor Stoop studied mathematics at the University of Zurich and completed his PhD in computational 

physics at the same university in 1991. After obtaining grants from the Swiss National Science Foundation, 

he became a reader in computer science at the School of Life Sciences, University of Applied Science 

Northwest Switzerland, and worked in parallel as a scientific advisor and designer for several industrial 

companies. He became an Associate Professor in physics at the University of Berne in 1997, Adjunct 

Professor in mathematics at the University of Zurich in 2004 and soon after also in theoretical physics at the 

Swiss Federal Institute of Technology (ETH). In 2008 he obtained tenure in Neuroscience and Physics at the 

Institute of Neuroinformatics, run jointly by the University of Zurich and the Swiss Federal Institute of 

Technology (ETH). His main research directions lie along two related paths: Nonlinear dynamics of biological 

systems, and principles and applications of biocomputation, seen as domains of mathematics, physics and 

information science. Prof. Stoop has published a large number of peer reviewed papers documenting a true 

interdisciplinary approach, from physics over mathematics, engineering, biology to data science. He authored 

and co-authored books published by Springer, Birkhäuser and World Scientific. 

Email: ruedi@ini.phys.ethz.ch 

 

Sebastiano Stramaglia 

Dr. Stramaglia is an Associate Professor of Applied Physics at the University of Bari, Italy, and External 

Scientific Member of the Basque Center for Applied Mathematics, Bilbao, Spain. He received his Ph.D. in 

Statistical Mechanics of random surfaces from the University of Bari in 1995, and the Laurea degree in models 

of strongly correlated electronic systems in 1991. Since 2001 he is a member of the Center of Excellence 

“Innovative Technologies for Signal Detection and Processing”, funded by the Italian Ministry for Scientific 

Research; since 2002 he is a member of the V National Scientific Commission of INFN-Istituto Nazionale di 

Fisica Nucleare, Italy. He chaired several international events, including “Modeling Migraine: from nonlinear 

dynamics to clinical neurology” July 2009, Berlin, and “Nonlinear dynamics in electronic systems” July 2013, 

Bari. Editor of the books “Modelling Biomedical Signals”, World Scientific 2002, and “Emergent Complexity 

from Nonlinearity, in Physics, Engineering and the Life Sciences”, Springer 2017. He has been visiting 

scientist at the Institute for Theoretical Physics NORDITA and at the Department of Data Analysis of the 

University of Gent, Belgium, and visiting professor at Biocruces Health Institute, Bilbao, Spain. Since 2003 

he is team leader of the INFN project “Biological applications of Theoretical Physics Methods”. His research 

focuses on dynamical networks and Granger causality approaches to physiological interactions, in particular 

he developed a kernel approach for the inference of nonlinear coupling among dynamical systems with 

applications to brain function and brain-heart interactions. 

Email: Sebastiano.Stramaglia@ba.infn.it 

 

Béla Suki 

Professor Suki received BS in Physics (1982) and PhD in Biomechanics (1987) from the University of Szeged, 

Hungary. He worked at INSERM, Nancy, France in 1988 and in the Meakins-Christie Laboratories, McGill 

University, Montreal in 1990. He received the Dean’s special research associate position at the Department 

of Biomedical Engineering at Boston University where he became assistant professor in 1996, associate 
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professor in 2001 and full professor in 2007. In 2007, he was elected Fellow of the American Institute for 

Medical and Biological Engineering. In 2009, he received presidential award from the National Institutes of 

Health and became honorary professor of Medical Physics and Informatics, University of Szeged, Hungary. 

He is Fellow of the Biomedical Engineering Society. He was visiting professor at Kyoto University, Japan, 

University Hospital of Bern, Switzerland, University of Western Australia, Perth, and the University of Ceara, 

Fortaleza, Brazil. Dr. Suki has published work in morphometric and acoustic network modeling of the lungs 

airway branching tree. His group introduced elastic networks to describe the mechanics and failure of 

extracellular matrices to understand how lungs deteriorate during diseases such as emphysema and fibrosis. 

He developed network modeling approaches to predict the long-term outcome and quality of life following 

lung surgery, and has implemented a neural network model of the brain respiratory center to describe the 

variability of breathing patterns. Dr Suki’s current research interests include respiratory physiology, tissue 

homeostasis and modeling nonlinear and network phenomena in physiology and biology. 

Email: bsuki@bu.edu 

 

Stefano Zapperi 

Stefano Zapperi is professor of theoretical physics at the University of Milano. He obtained is Ph. D. from 

Boston University. After a postdoctoral fellow at ESPCI, Paris, he obtained research position at the University 

of Roma “La Sapienza”, at the University of Modena and Reggio Emilia and at National Reseach Council of 

Italy in Milano. He has been named Finland Distinguished Professor at Aalto University and is group leader 

at the ISI foundation in Torino. He is member of the editorial board of JSTAT. He organized nine international 

workshops and symposia on applications of complex systems theory, including two interdisciplinaray 

workshops on the physics of cancer funded by Cecam and ESF, and was invited to be part of the scientific 

committee of four international conferences. In 2007, he acted as the secretary of the International 

Conference on Statistical Physics (STATPHYS 23). In 2004 he received the Marie Curie Excellence award 

and in 2011 an Advanced Grant from the European Research Council. He is an expert in the statistical 

mechanics of non-equilibrium complex systems and has worked in fracture, plasticity, friction, magnetism 

and quantitative biology. 

Email: stefano.zapperi@unimi.it 
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Scientific Program  
 

 

Registration                        8:00-8:45           Monday, 24 July, 2017 

 

 

Opening                     8:45-9:00           Monday, 24 July, 2017 

 

Session Chair:   J. Randall Moorman 

Plamen Ch. Ivanov             9:00-9:55           Monday, 24 July, 2017 

Title: The New Field of Network Physiology: Mapping the Human Physiolome 

Abstract: The human organism is an integrated network where complex physiological systems, each with its own 

regulatory mechanisms, continuously interact to coordinate and optimize their functions. Organ-to-organ 

interactions occur at multiple levels and spatio-temporal time scales to maintain health and generate distinct 

physiologic states and conditions: wake and sleep; light and deep sleep; consciousness and unconsciousness. 

Disrupting organ communications can lead to dysfunction of individual systems or to collapse of the entire 

organism. Yet, we know almost nothing about the nature of the interactions among physiologic systems and 

their collective role as a network in physiologic states and functions. Applying a system-wide integrative 

approach, we identify an entire network of dynamic interactions among the cerebral, cardiac, respiratory, ocular 

and locomotor systems. We find that each physiological state is characterized by a specific network structure 

with low connectivity during deep sleep and REM, and high connectivity during light sleep and wake, 

demonstrating a robust association between network topology and physiologic functions. Further, specific 

frequency bands mediate organ network interactions during different physiologic states. Across sleep stages, 

the network undergoes topological transitions with fast hierarchical reorganization of physiological interactions 

on time scales of a few seconds, indicating high network flexibility to achieve differentiation in function. These 

findings provide new insights into how health and distinct physiologic states emerge from networked interactions 

among complex multi-component physiological systems. The presented investigations and results are initial 

steps in building a first atlas of dynamic interactions among organ systems, generating a new kind of BigData, 

the Human Physiolome, and laying the foundations of a new interdisciplinary field, Network Physiology. 

 

 

Timothy G. Buchman          9:55-10:50           Monday, 24 July, 2017 

Title: The Networks of the Self: Health, Healthy States and Physiologic Resilience 

Abstract: All multicellular organisms (including all mammals) have a normal ‘healthy’ state that reliably sustains 

essential biological functions in the face of external challenges such as varied temperature, microbial pathogens, 

and trauma. Those self-maintenance programs are well-established parts of physiology. In this lecture, we will 

review the major body systems. We will review self-maintenance functions (including recovery and repair) from 

standpoints of anatomy and biochemistry to illustrate resilience in the face of stress at multiple levels of 

organization. We will interpret that resilience in the framework of network biology. In particular, we will explore 

the repeated use of three organizational strategies-- duplication, nesting, and parallelism—that seem to 

contribute to the physiological robustness that we think of as “health”. We will make observations on the 

contributions of exercise to maintenance of health. The lecture concludes with observations about higher level 

interactions among body systems, focusing on the interactions among the circulatory system (heart); ventilator 

system (lungs); and excretory system (kidneys) that are readily observable to the participants. 

 

 

Tea Break                                            10:50-11:20           Monday, 24 July, 2017 
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Caterina A. M. La Porta & Stefano Zapperi                11:20-12:15           Monday, 24 July, 2017 

Title: Integrative analysis of pathway deregulation in obesity 

Abstract: Obesity is a pandemic disease, linked to the onset of type 2 diabetes and cancer. Transcriptomic data 

provides a picture of the alterations in regulatory and metabolic activities associated with obesity, but its 

interpretation is typically blurred by noise. Here we solve this problem by collecting publicly available 

transcriptomic data from adipocytes and removing batch effects using singular value decomposition. In this way 

we obtain a gene expression signature of 38 genes associated to obesity and identify the main pathways involved. 

We then show that similar deregulation patterns can be detected in peripheral markers, in type 2 diabetes and 

in breast cancer. The integration of different data sets combined with the study of pathway deregulation allows 

us to obtain a more complete picture of gene-expression patterns associated with obesity, breast cancer and 

diabetes. 

 

 

Lunch Break                                          12:15-14:30           Monday, 24 July, 2017 

 

Session Chair:   Timothy G. Buchman 

J. Randall Moorman                                   14:30-15:25           Monday, 24 July, 2017 

Title: Cardiorespiratory Networking is Altered Early in Subacute Potentially Catastrophic Illness 

Abstract: Breathing regulates the heartbeat. Efficient working of this oscillatory cardiorespiratory network, which 

has been recognized since Stephen Hales inserted a glass pipe in the femoral artery of a horse in 1733, requires 

finely adaptive physiologic mechanisms mediated by the autonomic nervous system. Illness of nearly any sort 

disrupts the network, uncoupling the heart from the lungs and leading, in adults, to reduced heart rate variability 

and, in fetuses and infants, additionally to transient heart rate decelerations. More and more signatures of illness 

recognized in the physiological measurements from continuous hospital monitoring systems will allow early 

detection of subacute potentially catastrophic illnesses in more and more patients. Big Data and predictive 

monitoring analytics bring new clarity and account for the current excitement over these old concepts, 

particularly in the analysis of the large amounts of data generated – and currently discarded – from physiological 

monitors. 

 

 

Louis Pecora                                         15:25-16:20           Monday, 24 July, 2017 

Title: Discovering, Constructing, and Analyzing Synchronous Clusters of Oscillators in a Complex Network 
using Symmetries, Part 1 
Abstract: Many networks of identical coupled oscillators are observed to produce patterns of synchronized 

clusters where all the oscillators in each cluster have exactly the same dynamical trajectories in state space, but 

not the same as oscillators in other clusters. It has been difficult to predict these clusters in general.  We show 

the intimate connection between network symmetry and cluster synchronization.  We apply computational 

group theory to reveal the clusters.  The machinery of group representation theory allows us to determine the 

clusters' stability.  Irreducible representations of the group of symmetries block diagonalizes the coupling matrix 

of the variational equations so that the stability of each cluster can be determined separately along with the 

geometry of it's desynchronization patterns if the synchronous state becomes unstable. The connection between 

symmetry and cluster synchronization is experimentally explored using an electro-optic network. The experiment 

reveals a special desynchronization pattern we call isolated desynchronization, which is the complete 

synchronous case version of a chimera state.  We display in the experiment the smallest possible chimera state. 

 

 

Coffee Break                                         16:20-16:40           Monday, 24 July, 2017 
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Stefano Boccaletti                                    16:40-17:35           Monday, 24 July, 2017 

Title: Parenclitic networks: how to uncover new functions and structural information in biological data 

Abstract: In this lecture I will describe a novel method to represent time independent, scalar data sets as complex 

networks, and show (as an illustrative example) how it applies to biological data (gene expression in the response 

to osmotic stress of Arabidopsis thaliana). In the proposed network representation, the most important genes 

for the plant response turn out to be the nodes with highest centrality in appropriately reconstructed networks, 

called parenclitic networks. We also performed a target experiment, in which the predicted genes were artificially 

induced one by one, and the growth of the corresponding phenotypes compared to that of the wild-type. The 

joint application of the network reconstruction method and of the in vivo experiments allowed identifying 15 

previously unknown key genes, and provided models of their mutual relationships. This novel representation 

extends the use of graph theory to data sets hitherto considered outside of the realm of its application, vastly 

simplifying the characterization of their underlying structure. 

 

 

Round Table Discussion I                              17:35-18:20           Monday, 24 July, 2017 

 

 

 

Session Chair:   Louis M. Pecora 

J. Randall Moorman                                     9:00-9:55           Tuesday, 25 July, 2017 

Title: Entropy Estimation-based Assessment of Physiological Networks 

Abstract: Entropy (from the Greek for “energy” and “turning point”) is a fundamental concept in thermodynamics, 

information theory, and dynamical systems. In the latter context, it connotes irregularity, or the generation of 

new information. In the 1950’s, Kolmogorov and then his student Sinai formalized concepts in the context of 

invariant properties of dynamical systems, leading to the Kolmogorov-Sinai, or KS, entropy. In the 1980’s, 

Grassberger and Procaccia introduced the correlation integral for estimation of fractional dimension, and related 

it to KS entropy. More recent work by Pincus, Richman and Moorman, Lake, Porta and coworkers, others have 

yielded useful tools for entropy estimation in the sometimes short and nearly always noisy time series obtained 

from the physiological monitors of hospitalized patients. These are attractive candidates for additional insights 

into pairwise (or even n-wise) time series analysis for quantification of physiological networks relevant to health 

and illness. 

 

 

Eberhard Bodenschatz                                  9:55-10:50           Tuesday, 25 July, 2017 

Title: Fluid Physiology Networks in the Brain 

Abstract: Cerebrospinal fluid conveys many physiologically important signaling factors through the ventricular 

cavities of the brain. I shall report results on the transport of cerebrospinal fluid in the third ventricle of the 

mammalian brain and show that highly organized pattern of cilia modules exists, which collectively give rise to 

a network of fluid flows that allows for precise transport within this ventricle. These results suggest that ciliated 

epithelia can generate and maintain complex, spatiotemporally regulated flow networks that may have a 

physiological function. 

 

 

Tea Break                                            10:50-11:20           Tuesday, 25 July, 2017 

 

 

Antonio Scala                                         11:20-12:15           Tuesday, 25 July, 2017 

Title: Network physiology approach in dental medicine: applications to orthodontic diagnosis and 
treatment 
Abstract: We are in the era of the data deluge: however, to transform data into information we have to "data-
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mine" patterns and correlations in our data bases. In such an approach, data become the basis for experiments 

in which models can be validated and hypothesis can be tested. At different with the standard scientific 

methodology, where first an experiment is designed and then data are collected, in the "big data" approach 

experiments must be designed taking the already collected data set as a constrain. 

One of the most exciting field of investigation for such an approach is medical knowledge discovery based on 

the analysis of Electronic Medical Records (EMRs). In fact, the classification of human disease builds on the 

observation of correlations between the analysis of pathologies and clinical syndromes: while up to now this 

process has relied on the single doctors' observational skills, we are now in the position of extending the 

observation field. However, the huge among of data and the consequent explosion of the number of possible 

correlations to be considered calls for adequate tools and methodologies to reduce possible hypothesis to a 

finite number. Notice that an important feature of EMRs based medical knowledge discovery is that in such 

framework we do not rely on clinical experiments where patients are subject to experimental protocols, but 

innovation stems from the observation of standard practices, at the same time also helping to improve their 

effectiveness. In this lecture we will show an application of these concepts to the interpretation of clinical signs 

in a childhood orthodontics case study. We will show that such methodology is validated by confirming the 

robustness of well know concepts of the fields (the dental classes) while enlarging and clarifying such concepts 

and allowing for a quantitative description. We show that such process of re-discovery of dental classes while 

creating new questions to be answered also builds up the basis for their resolution. 

 

 

Begonya Otal                                        12:15-12:45           Tuesday, 25 July, 2017 

Title: Current and future applications of BCIs 
Abstract: Brain-computer interface (BCI) technology has classically been used for communication and device 

control. Cutting-edge translational research in clinical applications extends BCI systems for rehabilitation, 

consciousness assessment and communication in ICU environments. This new approach could provide 

outstanding tools to help a broader variety of healthcare practitioners and inspire a paradigm shift in certain 

technological and medical fields. Two BCI-based medical systems will be presented – recoveriX and mindBEAGLE. 

recoveriX is especially developed for post-stroke motor rehabilitation to help patients regain motor functions of 

upper and lower extremities, in addition to standard therapy. It can be used in the acute, sub-acute, or chronic 

phase. recoveriX is designed to detect real-time changes in motor imagery (MI) to enhance compliance and 

rehabilitation outcomes by means of visual and tactile closed-loop neurofeedback. mindBEAGLE uses BCI 

technology based on P300 event-related potentials and MI for quick and easy assessment of patients with 

disorders of consciousness, and even provides basic communication with some of them. It is used to determine 

whether patients can understand and follow basic task instructions, even though they are diagnosed as people 

with unresponsive wakefulness syndrome (UWS), minimally conscious state (MCS) or (completely) locked-in state 

(LIS/CLIS). Here, I will describe the feasibility of recoveriX and mindBEAGLE, and present the results from analyzed 

data recorded in real-world hospital settings.   

 

 

Lunch Break                                          12:45-14:30           Tuesday, 25 July, 2017 

 

Session Chair:   Eberhard Bodenschatz 

Ruedi Stoop                                          14:30-15:25           Tuesday, 25 July, 2017 

Title: A Critical Network is What You Hear 
Abstract: For hundreds of years, mankind has wondered about how the mammalian hearing system maps the 

world around us. By this mapping, we are confronted with a number of strange, puzzling, phenomena that are 

relevant to hearing. We will show, that the understanding of these phenomena requires, before all, a proper 

understanding of the nature of the hearing sensor, the mammalian cochlea, in particular, of its nonlinear 

properties. We will see that a stunning network of active nonlinear nodes is at the origin of mammalian hearing, 
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and we will show, moreover, that these nodes co-operate in a complex network, that in its relaxed state, has 

properties of a critical system, whereas in the tuned state, this property is abandoned. This, first of all, changes 

our view of hearing perception happening mostly at the level of the cortex, to one where the salient phenomena 

of hearing are established at the level of the sensor itself. Second, the hearing system can be taken as a blueprint 

of sensory systems, which indicates a novel approach for a modern understanding of sensors based on networks 

of nonlinear dynamical elements. Finally, the hearing system can be seen as a very ancient type of nervous 

system, which provides us with a fundamental coherent view on the nature of biological information processing. 

 

 

Stefano Boccaletti                                    15:25-16:20           Tuesday, 25 July, 2017 

Title: Smooth and Explosive synchronization of networked dynamical units. 
Abstract: Critical phenomena in complex networks, and the emergence of dynamical abrupt transitions in the 

macroscopic state of the system are currently a subject of the outmost interest. In this lecture, I will discuss the 

main features of "explosive phase synchronization" in networks of dynamical units. Namely, by means of both 

extensive simulations of networks, rigorous treatments of models of oscillators and experiments with chaotic 

circuits, I will describe the existence of a first-order-like transition towards synchronization of the phases of the 

networked units. In particular, I will discuss on the microscopic reasons at the basis of such a phenomenon, which 

renders it observable in real world networks. 

 

 

Coffee Break                                         16:20-16:40           Tuesday, 25 July, 2017 

 

 

Alexander Gorbach                                   16:40-17:35           Tuesday, 25 July, 2017 

Title: A Network Physiology Approach to the Cardiovascular System: Methodological Considerations 

Abstract: The cardiovascular system is responsible for transporting oxygen, hormones, nutrients, and cellular 

waste products throughout the living body. The main elements of the system consist of the heart, blood vessels, 

and approximately 5 liters of blood. Dynamic coordination and regulation of the system interplay throughout 

these main elements and are indispensable for providing instantaneous adjustments.  Recently, multiple 

research groups have reported that achievement of optimal cardiovascular homeostasis in humans and other 

animals is a task of enormous physiological complexity. We are suggesting that local and global physiological 

networks might be the main players in homeostatic adjustments, and the precise role of their components should 

be a subject of experimental and clinical study.  

Available experimental techniques to monitor well-distributed cardiovascular networks are limited to imaging 

modalities and a variety of point detectors. Imaging modalities, such as BOLD-fMRI and PET, often lack the 

temporal resolution to adequately address network functionality, and they are limited to short study durations. 

Optical technology, although sensitive to slow and fast hemodynamic responses, is limited to 2D imaging and, 

again, short duration studies. Point detectors, mostly designed for skin placement, have good temporal 

resolution and can be used for continuous monitoring of several network elements simultaneously over extended 

periods. However, point detectors can assess perturbations only in surface vessels. 

Recently, ultrathin conformal devices, consisting of multiple detector arrays, have been introduced for clinical 

and experimental research. The spatial density of detectors within the arrays is comparable to those of optical 

arrays. Temporal resolution of the array detectors is comparable to electrophysiological devices. The number of 

detectors and size of the array are only limited by the size of the printing device used to manufacture the flexible 

electronics.  

Examples of applications of these new arrays include non-invasive spatial mapping of skin temperature with 

milli-Kelvin precision, and simultaneous quantitative assessment of skin blood flow and perfusion. Diverse sets 

of temperature, blood flow, and tissue oxy/deoxygentation arrays can be combined with arrays of 

electrophysiological detectors, pH detectors, mechano-acoustic detectors, etc. For physiological monitoring, an 
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array of detectors can be secured to the skin surface, above a specific vascular territory of interest, as well as 

implanted within the living body to monitor, for example, cardiac and renal function. We anticipate that this 

universal platform of multimodal arrays will eventually be wireless and suitable for long-term, simultaneous 

recording of several vascular network elements in humans, including.  hemodynamic and vascular tone of 

cutaneous and sub-cutaneous resistance vessels within multiple, selected vascular regions. 

 

 

Poster Session I                                       17:35-19:00           Tuesday, 25 July, 2017 

 

 

 

Session Chair:   Klaus Lehnertz 

Timothy G. Buchman                                  9:00-9:55           Wednesday, 26 July, 2017  

Title: The Networks of the Self: Critical Illness and Critical Care 
Abstract: During the life cycle, multicellular organisms face three temporal classes of threats to health. These 

include (1) heritable threats (including classic Mendelian errors and developmental errors); (2) allosteric load 

reflecting “wear-and-tear” acquired through repeated and/or sustained stresses; and (3) acute injury or illness 

(such as infection). We will interpret these threats in a network framework, again including anatomic and 

physiologic considerations. In particular, we will focus on the importance of coupling—exchanging information 

across networks—as fundamental to health and on the degradation of coupling as a characteristic of the erosion 

of anatomic and physiologic resilience. We will explore cumulative temporal effects—how a network problem 

on one time scale influences the accumulation of problems on other time scales—and how this is represented 

in the pathophysiology of familiar disease processes. The presentation will then turn to the science and art of 

critical care, interpreting the diagnostic, analytic and treatment strategies used in intensive care units in the 

framework of restoration of network structures and network dynamics. We will conclude with insights into how 

clinicians evaluate network function, network dysfunction and network disruption with a view towards 

understanding recoverable versus unrecoverable illness. 

 

 

Béla Suki                                           9:55-10:50           Wednesday, 26 July, 2017 

Title: Elastic Network Models of Lung Tissue Diseases and Their Treatments 
Abstract: Damage and mechanical failure of soft tissues can lead to diseases and life threatening conditions 

including the failure of prosthetic heart valves, capillary stress failure, tissue destruction in pulmonary 

emphysema, and vessel wall aneurysms. Microscale damage occurs when mechanical forces in the tissue are 

sufficiently high to rupture intercellular connections or enzymatically weakened extracellular matrix elements. 

When the microscale damage reaches a critical amount, tissue or organ failure can happen. In this lecture, we 

first briefly review the failure of the main constituents of tissues including molecules, cells, elastin, collagen, and 

proteoglycans. We then discuss failure of tissues modeled as complex elastic networks of these constituents. We 

show that when fibers percolate the tissue, the network failure is dominated by failure of individual fibers. When 

the main fiber component does not percolate, the failure stress of the network is still determined by fiber stiffness, 

but its failure strain emerges as a network phenomenon. As an example, we will discuss the progressive nature 

of pulmonary emphysema. Additionally, we will apply a network model to evaluate the efficacy of two medical 

interventions used to treat emphysema, lung volume reduction surgery (LVRS) and bronchoscopic lung volume 

reduction (bLVR). Analysis of network behavior shows that (1) LVRS efficacy can be predicted based on pre-

surgical network structure; (2) macroscopic functional improvements following bLVR are related to microscopic 

changes in mechanical force heterogeneity; and (3) both techniques improve aspects of survival and quality of 

life, albeit while accelerating disease progression. In conclusion, network approaches to tissue and organ function 

can yield unique insights into the microscopic origins underlying disease progression as well as response to 

medical treatments. 
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Tea Break                                         10:50-11:20           Wednesday, 26 July, 2017 

 

 

Sebastiano Stramaglia                              11:20-12:15           Wednesday, 26 July, 2017 

Title: Synergetic and Redundant Information Flow Detected by Causal Analysis of Dynamical Networks. 

Abstract: Information theoretic treatment of groups of correlated degrees of freedom can reveal their functional 

roles as memory structures or information processing units. Furthermore, by looking at the common amount of 

information shared in a group of variables we can tell whether they are mutually redundant or synergetic. The 

application of these insights to identify functional connectivity structure is a promising line of research. Another 

topic of general interest is the understanding of couplings between dynamical systems and their parts. Transfer 

entropy and Granger causality are popular approaches used to distinguish effectively driving and responding 

elements and to detect asymmetry in the interaction of subsystems. These two methods can be unified under 

some conditions, opening new computational and methodological perspectives. Several techniques can 

evidence sets of variables which provide information for the future state of the target. This information can be 

synergetic or redundant, with important implication on our understanding of the functioning of the dynamical 

system under analysis. Importantly, not taking into account the joint dynamical influence of two or more variables 

can lead to bias and wrong estimations of links (false positive and false negatives). In the field of information 

theory these concepts are often defined and studied by means of axioms. Here we will instead use an operative 

definition based on reduction in variance, using the unnormalized version of Granger causality. We will present 

an application to simulated datasets and neuroimaging data. 

 

 

Dick Moberg                                      12:15-12:45           Wednesday, 26 July, 2017 

Title: The Mysteries of the Injured Brain: Can they be solved with network physiology? 

Abstract: The brain is the most complex organ in the body, yet the data to manage the injured brain is not of 

the quantity or resolution to identify changes for optimal patient management.  Our lack of understanding of 

this complexity has led to decades of unsuccessful clinical trials.  The many variables associated with outcome 

in brain injury have never been adequately taken into consideration.  These include genomics, imaging, 

biomarkers, physiology, psychometric testing, and clinical care in the acute period. Fortunately, two large clinical 

trials in the U.S. and Europe are addressing this issue and hope to find significant determinants of outcome.   

Our focus over the past decade has been on the collection and use of real-time physiology to guide the 

management of these patients during the acute period of critical care. 

In the neurocritical care unit (NCCU) today, commonly-used clinical metrics are outdated and of limited 

prognostic utility. Monitoring the brain directly often relies on singular metrics (e.g. intracranial pressure) that 

are inadequately sampled and have questionable benefit.  And the emerging use of new brain monitoring 

metrics has been hindered by technical barriers to real-time data capture, analysis, and integration into existing 

medical records.  However, this is changing, and the capture of high-resolution data in the NCCU from multiple 

sources is now available in a commercial product.  This time-synchronized data, with just visual analysis, is 

showing relationships in brain systems, never seen before, that can guide more precise management of brain 

injured patients.  Real-time measurements are now available that record activity in multiple brain systems such 

as oxygenation, blood flow, metabolism, pressure, temperature, and electrical activity, as well as new biomarkers 

such as spreading depolarizations.   

The next step, with a large group of collaborators, is to revise the current medical record for the brain to make 

it a more useful tool.  It is unlikely the univariate metrics now available will provide the answer rather higher-

order metrics that can detect events or predict “neuroworsening” are more likely to prove useful.   More 

exciting is the progress in the new field of network physiology.  This technology is a likely candidate for 

understanding the dynamics of brain injury and for the visualization and prediction of significant events.   This 
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presentation will provide background in the management of brain injury and the new data available.  It will set 

the stage for discussion as to the role of network physiology in improving the course of brain injured patients. 

 

 

Lunch Break                                       12:45-14:30           Wednesday, 26 July, 2017 

 

Session Chair:   Ruedi Stoop 

Thomas Penzel                                    14:30-15:25           Wednesday, 26 July, 2017 

Title: Signal Recording and Non-linear Signal Processing for Interacting Signals in Sleep Research 

Abstract: Sleep disorders are found to be more prevalent than previously realized. This may be a consequence 

of a modern society which optimizes work and social activities up to the edge.  

In order to investigate normal and disturbed sleep, we record biosignals both in the sleep laboratory and at 

home. Signals may be recorded directly, such as EEG, EOG, EMG from the head of the sleeping person, or 

indirectly, such as ECG, heart rate, respiration, pulse wave. Signals may be recorded with little contact or no 

contact systems such as actigraphy, body movement, bed sensors or bedside radiofrequency sensors. Some 

signals are new in sleep research and require new technology and analysis concepts.  

After recording biosignals and analyzing them we derive physiological functions. From sleep relted signal 

recording we can identify wakefulness and sleep, and derive more details, such as light sleep, deep sleep, REM 

sleep, arousals and sleep fragmentation. Classical methods in the time and frequency domain are used, and 

more recent methods using non-linear signal processing and statistical approaches are applied. These methods 

allow to give additional information on sleep and sleep structure. 

Based on analysis results we recognize normal and restorative sleep and identifying sleep disorders. Some sleep 

disorders imply cardiovascular consequences and require treatment. Sleep disordered breathing is the disorder 

with most cardiovascular consequences. Many diagnostic tools focus on this group of disorders. 

 

 

Ronny Bartsch                                     15:25-16:20           Wednesday, 26 July, 2017 

Title: Novel time delay stability approach to infer coupling in systems with bursting dynamics and to 
identify networks of organ interactions 

Abstract: We investigate how diverse physiologic systems in the human organism dynamically interact and 

collectively behave to produce distinct physiologic states and functions. This is a fundamental question in the 

new interdisciplinary field of Network Physiology, and has not been previously explored. Here, we introduce the 

novel concept of time delay stability (TDS) to probe interactions among diverse systems. The TDS method 

determines the time delay with which modulations/bursts in the output dynamics of a given system are 

consistently followed by corresponding modulations in the signal output of other systems. Utilizing TDS, we 

distinguish between stable and unstable interactions, characterize coupling strength and identify a physiological 

network. We find that the network undergoes transitions with changes in physiological state, demonstrating a 

robust interplay between network and function. These empirical investigations shed new light on the 

mechanisms of organ interactions and establish first association between patterns of physiological network 

interactions and specific physiologic states. 

 

 

Coffee Break                                      16:20-16:40           Wednesday, 26 July, 2017 

 

 

Hagen Malberg                                    16:40-17:35           Wednesday, 26 July, 2017 

Title: Contactless Measurement Technologies in Medicine: from Biosignal Processing to Physiological 
Networks. 
Abstract: Known medical measurement technologies derive several biosignals by sophisticated electrodes, 
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amplifiers and preprocessing algorithms. Superposed physiological influences are defined as noise or artifacts 

(e.g. respiration in ECG records). Several introduced contactless methods, like optical camera based heart rate 

detection, contain these additional physiological signals in a much more higher degree. On the one hand, the 

handlings of artifacts is one of the great challenges for developing contactless technologies, on the other hand 

it is a great chance to get insights in the physiological networks. 

 

 

Poster Session II                                   17:35-19:00           Wednesday, 26 July, 2017 

 

 

 

Session Chair:   Arkady S. Pikovsky 

Edward T. Bullmore                                 9:00~9:55               Thursday, 27 July, 2017 

Title: Economical brain networks from micro to macro scales 
Abstract: TBA. 

 

 

Louis Pecora                                       9:55-10:50              Thursday, 27 July, 2017 

Title: Discovering, Constructing, and Analyzing Synchronous Clusters of Oscillators in a Complex Network 
using Symmetries, Part 2 
Abstract: Although symmetries can determine synchronous clusters in networks of identical oscillators other 

synchronization clusters are possible in addition to the symmetry clusters (SC). These are possible using Laplacian 

coupling, Laplacian clusters (LC) or using equitable partitions (EP) of the network to determine synchronization 

from the dynamical equations. Neither EP nor LC behavior comes directly from network symmetries.  However, 

we show that the EP can be constructed by the merging of appropriate SC. We show that this construction allows 

the derivation of further simplified stability (variational) equations for the EP case.  Furthermore, LC encompass 

both SC and EP cases, but also allow for synchronous clusters that are not SC or EP cases.  Extension of the 

cluster merging technique also allows us to predict and analyze LC cases.  The basic viewpoint of all cluster 

synchronization cases (SC, EP, and LC) is that the symmetry clusters form the basic building blocks for all clusters 

and the group theory machinery can be applied to cases beyond symmetry clustering.  We show some 

experimental examples of EP and LC cases in our electro-optic experiment. 

 

 

Tea Break                                           10:50-11:20           Thursday, 27 July, 2017 

 

 

Klaus Lehnertz                                       11:20-12:15           Thursday, 27 July, 2017 

Title: Deriving Functional Brain Networks from Data: A Critical Assessment 
Abstract: Complex networks are powerful representations of spatially extended systems -- such as the human 

brain -- and can advance our understanding of their dynamics. A large number of analysis techniques is now 

available that aim at inferring the underlying network properties from multichannel recordings of time series of 

system observables.  In this lecture, I will discuss current problems, both conceptual and methodological and 

will discuss possible research directions that may help to find better solutions. 

 

 

Lunch Break                                         12:15~14:30           Thursday, 27 July, 2017 
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Session Chair:   Béla Suki 

Arkady S. Pikovsky                                   14:30-15:25           Thursday, 27 July, 2017 

Title: Chimeras and other complex states in multifrequency networks 
Abstract: Oscillatory processes are ubiquitous in living organisms, and typically their frequencies span quite large 

a range. In this talk I discuss a possibility to describe such multifrequency situations in the frame of well-

established theoretical model like the Kuramoto one. I describe theoretical tools allowing one to reduce the 

dynamics to global modes, and demonstrate different types of this dynamics.  

 

 

Michael G. Rosenblum                                15:25-16:20           Thursday, 27 July, 2017 

Title: Quasiperiodic Partial Synchrony in Oscillatory Networks 
Abstract: In the simplest case ensembles of identical globally coupled oscillators exhibit either fully synchronous 

or completely asynchronous dynamics (splay state). However, quite often fully synchronous and splay states 

become both unstable for certain values of the coupling strength and, as a result, the system settles at some 

intermediate state, called partial synchrony, which is characterized by the value of the order parameter between 

zero and one. The most peculiar feature of such states is that they are quasiperiodic: the frequency of the mean 

field differs from the frequencies of individual units. In the lecture, I will present several examples, theory, and 

results of experiments with electronic circuits. 

 

 

Coffee Break                                        16:20-16:40           Thursday, 27 July, 2017 

 

 

Kang K. L. Liu                                        16:40-17:35           Thursday, 27 July, 2017 

Title: Emergent Coordination Among Physiologic Systems: New Network Signatures for Physiologic State 
and Function 
Abstract: The new framework of Network Physiology aims to understand physiologic functions as emergent 

coordination among dynamical organ systems, each of which is an individual complex system with unique 

dynamics characterized by non-stationary, noisy and even scale-invariant output. In this framework, transitions 

across physiologic states involve hierarchical reorganization of the networks of physiologic interactions. Despite 

the rapid development of Network Physiology as a new field, the specific question of how key physiologic 

systems continuously interact and collectively behave as a dynamic network to generate distinct functions 

remains elusive. In my talk, I will discuss our general strategy to approach this fundamental question. Specifically, 

I will outline the typical challenges encountered in probing physiologic interaction and present some recently 

developed techniques suitable to address these challenges. By applying these new methods to empirical 

physiologic recordings, I will present some new findings regarding communications among distinct brain 

rhythms as well as their feedback control on key organ systems. 

 

 

Round Table Discussion II                             17:35-18:20           Thursday, 27 July, 2017 

 

 

 

Session Chair:   Michael G. Rosenblum 

Edward T. Bullmore                          9:00-9:55           Friday, 28 July, 2017 

Title: Human Brain Networks in Health and Disease. 
Abstract: TBA. 
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Klaus Lehnertz                                           9:55-10:50           Friday, 28 July, 2017 

Title: Long-term Dynamics of Large-scale Epileptic Brain Networks 
Abstract: Epilepsy is one of the most common serious neurological disorders, affecting approximately  

65 million people worldwide.  Epilepsy is nowadays conceptualized as a network disease with functionally 

and/or structurally aberrant connections on virtually all spatial scales. All constituents of large-scale epileptic 

networks can contribute to the generation, maintenance, spread, and termination of even focal seizures as well 

as to the many pathophysiologic phenomena seen during the seizure-free interval. I will provide an overview of 

the progress that has been made in understanding the long-term dynamics of large-scale epileptic networks 

and will discuss its impact on the development of new therapeutic possibilities as well as on computational 

models of epileptic phenomena. 

 

 

Tea Break                                              10:50-11:20           Friday, 28 July, 2017 

 

 

Hagen Malberg                                         11:20-12:15           Friday, 28 July, 2017 

Title: Automatic Control in Medicine and Fuzzy Logic as an Universal Method for Analyzing Physiological 
Interactions. 
Abstract: Recent years ago, the Fuzzy theory, introduced by Lotfi Zadeh, became a suitable method for 

characterizing complex interactions. Fuzzy is based on linguistic rules and the fuzzy set theory. Therefor, this 

theory is challenging for systems of very high and complex interactions, without fixed desired values and a non-

linear behavior. The high degrees of freedom in fuzzy design disagrees a simple and robust systems design. 

Here, the application of machine learning algorithms found a reasonable compromise. 

 

 

Lunch Break                                            12:15-14:30           Friday, 28 July, 2017 

 

Session Chair:   Hagen Malberg 

Arkady S. Pikovsky                                      14:30-15:25           Friday, 28 July, 2017 

Title: Phase description of observed oscillatory networks 

Abstract: This lecture is devoted to an inverse problem in the analysis of oscillatory networks: what one can say 

on the properties of the oscillators and on the structure of the networks solely from the observations from 

different nodes? I describe an approach based on the phase description of the oscillators and on reconstruction 

of their dynamics. I discuss how the phases can be extracted from the multivariate data, and how the dynamics 

can be reconstructed. One of the examples describes observation-based characterization of the cardio-

respiratory dynamics. 

 

 

Michael G. Rosenblum                                   15:25-16:20           Friday, 28 July, 2017 

Title: Reconstruction of Network Connectivity from Observations 
Abstract: Recovery of the network connectivity from observations is relevant for many problems of physiology 

and neuroscience. Our approach to reconstruction assumes that the nodes of the network are active, self-

sustained oscillators and that the signals we measure are appropriate for phase estimation.  For such a network, 

we reconstruct the model of phase dynamics; analysis of this model yields the strength of directed links. We 

demonstrate that our technique provides effective phase connectivity which is close, though not identical to the 

structural one. However, for weak coupling we achieve a good separation between existing and non-existing 

connections. Finally, we briefly consider the case of pulse-coupled neuron-like oscillators. 
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Coffee Break                                           16:20-16:40           Friday, 28 July, 2017 

 

 

Luca Faes                               16:40-17:35           Friday, 28 July, 2017 

Title: Information Theory for Network Physiology: Multivariate and Multiscale Methods to Dissect the 
Information Content of Brain, Cardiovascular and Muscular Networks 
Abstract: In the emerging field of network physiology, the human organism is viewed as an integrated network 

where the cardiac, circulatory, respiratory, and cerebral systems, each with its own internal dynamics, 

continuously interact with each other to preserve the overall physiological function. Devising proper analysis 

frameworks and providing empirical measures able to describe the joint system behavior and the contribution 

of the different observed parts to it may yield fundamental insight on the functioning of the networks underlying 

the regulation of physiological rhythms. 

In this context, the lecture will introduce an unifying approach for the quantitative description of physiological 

networks framed in the novel research field of information dynamics. The approach is based on interpreting the 

physiological systems under analysis as dynamical systems, mapping the system behavior into a set of variables, 

and describing the time evolution of these variables –collected in the form of time series data– using 

information-theoretic analysis tools. These tools are developed incorporating dynamical and directional 

information into classic information theoretic measures like entropy and mutual information, and allow to dissect 

the general concept of ‘information processing’ into essential sub-components of meaningful interpretation: the 

new information produced by a dynamical system at each moment in time, the information stored in the system, 

the information transferred to it from the other connected systems, and the informational character (synergistic 

or redundant) of the information transferred from multiple source systems to a target system. 

In the lecture, after recalling basic principles of information theory, the framework of information dynamics will 

be formalized theoretically defining specific measures of information storage, transfer and modification and 

showing how they result from the decomposition of the information carried by the target node of a network of 

interacting dynamic processes. Then, methods for the empirical computation of these measures from time series 

data will be presented, including linear model-based approaches and model-free approaches based on binning, 

kernel and nearest neighbor entropy estimators. A recent extension of the framework which allows the 

investigation of multiscale dynamics will be also presented. Finally, practical applications relevant to Network 

Physiology will be discussed, addressing the study of the human physiological networks sustaining the short-

term cardiovascular control at rest and during postural or mental stress, the neural circuitry which coordinates 

muscles across the body while standing upright, and the transitions from wake to sleep and across different 

sleep states in healthy subjects and sleep apnea patients. 

 

 

Social Event  

Classical Music Concert   

Como Opera Theater - Teatro Sociale di Como             19:00-20:00           Friday, 28 July, 2017 

 

Social Event   

Dinner              

Osteria l'Angolo del Silenzio                             20:30-22:30           Friday, 28 July, 2017 

 

 

 

Session Chair:   Plamen Ch. Ivanov 

Thomas Penzel                                         9:00-9:55           Saturday, 29 July, 2017 

Title: ECG, Heart Rate, and Physiological Coupling Analysis to Diagnose Sleep Disorders 
Abstract: The cardiac part of sleep recordings (polysomnography) is reflected by ECG and heart rate recording. 
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As an addition to EEG, EOG, and EMG, these signals provide diagnostic information for autonomic nervous 

activity during sleep. Methodological developments in sleep research regarding heart rate, ECG and cardio-

respiratory couplings are presented. This gives a physiological and pathophysiological insights related to sleep 

medicine obtained by new methods using these signals.  

Recorded nocturnal ECG facilitates conventional heart rate variability analysis, studies of cyclical variations of 

heart rate, and analysis of the ECG waveform. In healthy adults, the autonomous nervous system is regulated in 

totally different ways during wakefulness, slow-wave sleep, and REM sleep. Analysis of beat-to-beat heart-rate 

variations with statistical methods enables us to estimate sleep stages based on the differences in autonomic 

nervous system regulation. Furthermore, up to some degree, it is possible to track transitions from wakefulness 

to sleep by analysis of heart-rate variations. ECG and heart rate analysis allow assessment of selected sleep 

disorders as well. Sleep disordered breathing can be detected reliably by studying cyclical variation of heart rate 

combined with respiration-modulated changes in ECG morphology (amplitude of R wave and T wave). 

 

 

Ruedi Stoop                                          9:55-10:50           Saturday, 29 July, 2017 

Title: Generic Roads to Neural Network Critical States. 

Abstract: Recent observations (in vivo and in vitro) of biological neural networks have led to the suggestion that 

biological neural networks may generally preferably operate in the vicinity of conditions that share properties of 

critical states in thermodynamics. However, a corresponding scientific notion of these conditions in the biological 

context still requests clarification. We will first provide an overview of the difficulties that we run into by working 

out a notion of criticality appropriate for the context of biological neural networks, and compare to it the different 

notions that are currently being used. In a next step, we will scan the occurrence of states with properties of 

criticality in biological neural networks, and in their close-to-biology modeling. We will demonstrate that 

topological and dynamical manifestations of properties of criticality do not need to coincide, in contrast to what 

might be expected based on abstract spin-type models of complex networks. Similarly, although at first view the 

comparison between the biological networks that we investigate and their modeling shows great similarity, we 

will reveal that an essential aspect of the biological behavior of developing networks is not covered by current 

simulations. The essentials of this difference will be worked out in terms of a novel language-based approach 

applied to the spiking data of the networks, which will open a new perspective on how biological networks work. 

For the last discussion point will focus on the question in what sense associated power law data distributions 

could be understood as a reflection of a fundamental property of biological information processing, which will 

open a novel approach towards the understanding of critical properties of biological neural networks. 

 

 

Tea Break                                           10:50-11:20           Saturday, 29 July, 2017 

 

 

Béla Suki                                            11:20-12:15           Saturday, 29 July, 2017 

Title: Physiological Networks Perspective on the Origin and Phase Transitions of Life 
Abstract: Many attempts have been made to understand the origin of life and biological complexity both at the 

experimental and theoretical levels but neither is fully explained. In an influential work, Maynard Smith and 

Szatmáry(The major transitions in evolution. Oxford; New York: W.H. Freeman Spektrum, 1995) argued that the 

majority of the increase in complexity is not gradual, but it is associated with a few so called major transitions 

along the way of the evolution of life. For each major transition, they identified specific mechanisms that could 

account for the change in complexity related to information transmission across generations. In this lecture, we 

will show that the sudden and unexpected improvement in the functionality of an organism that followed a 

major transition must have been enabled by a phase transition in the network structure associated with that 

function. The increase in complexity following a major transition is therefore directly linked to the emergence of 

a novel structure-function relation which also altered the course of evolution. As a consequence, emergent 
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phenomena arising from these network phase transitions can serve as a common organizing principle for 

understanding the major transitions. As specific examples, we will address several of the major transitions 

including, for example, the emergence of life, the emergence of the genetic apparatus, mitochondrial network 

dynamics in relation to the rise of the eukaryotic cell, the evolution of movement and mechanosensitivity and 

the emergence of consciousness. Finally, we will discuss the implications of network associated phase transitions 

to issues that may bear relevance to the history, the immediate present and perhaps the future, of life. 

 

 

Closing                                             12:15-12:35           Saturday, 29 July, 2017 
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Round Table Discussion I                                        
17:35-18:30           Monday, 24 July, 2017 

Panel participants: 

Timothy G. Buchman  

Emory University Critical Care Center, USA 

 

J. Randall Moorman  

Center for Advanced Medical Analytics, University of Virginia, USA 

 

Dick Moberg  

Moberg Research, Inc 

 

Begonya Otal 

Guger Technologies 

  

Hagen Malberg 

Institute for Biomedical Engineering at Dresden University of Technology, Germany 

 

Eberhard Bodenschatz  

Max Planck Institute for Dynamics and Self-Organization, Göttingen, Germany 

 

Louis Pecora  

Center for Materials Physics and Technology, US Naval Research Laboratory, Washington, USA 

 

Andras Eke  

Department of Physiology, Semmelweis University, Budapest, Hungary 

 

Round Table Discussion II                                        
17:35-18:30           Thursday, 27 July, 2017 

Panel participants: 

Edward T. Bullmore 

Behavioural and Clinical Neuroscience Institute, Cambridge Neuroscience, Wolfson Brain Imaging Centre, 

Department of Psychiatry, Cambridge University, UK 

 

Klaus Lehnertz  

Department of Epileptology at Bonn University Medical Center, Germany 

 

Arkady S. Pikovsky  

Departmant of Physics and Astronomy, University of Potsdam, Germany 

 

Ruedi Stoop 

Institute of Neuroinformatics, the University of Zurich and the Swiss Federal Institute of Technology (ETH) 

 

Thomas Penzel  

Interdisciplinary Sleep Medicine Center at the Charité University Hospital, Germany 

 

Michael G.Rosenblum  

Departmant of Physics and Astronomy, University of Potsdam, Germany 

 

Béla Suki  

Department of Biomedical Engineering, Boston University, USA 

 

Alexander Gorbach 

Department of Biomedical Engineering & Physical Science, National Institute of Biomedical Imaging and 

Bioengineering, NIH, Bethesda, Maryland, US 
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Poster Session I                                        
 

 

17:35-19:00           Tuesday, 25 July, 2017 
 

1. Transcutaneous auricular electric stimulation through vagus network to treat a patient with disorders of 

consciousness monitored by event-related potentials 

Yutian Yu1, Yi Yang2, Jianghong He2, Peijing Rong1 
1. Institute of Acupuncture and Moxibustion, China Academy of Chinese Medical Sciences, Beijing, China. 

2. Department of Neurosurgery, PLA Army General Hospital, Beijing, China 
 

2. Evaluating resective surgery targets in epilepsy patients: a comparison of quantitative EEG methods 

Michael Müller, Kaspar Schindler, Christian Rummel, and Andreas Steimer 
Sleep-Wake-Epilepsy-Center (SWEZ), Department of Neurology and Support Center for Advanced Neuroimaging (SCAN), 

University Institute for Diagnostic and Interventional Neuroradiology, Inselspital, Bern University Hospital, Switzerland 
 

3. Neuromodulation through Vagal Network for primary insomnia 

Yue Jiao, Man Luo, Shao-Yuan Li, Pei-Jing Rong 
Institute of Acupuncture and Moxibustion, China Academy of Chinese Medical Sciences 
 

4. Electro-optical biosensing platforms for cell monitoring and detection 

Eugen Gheorghiu1,2, Cristina Polonschii1, Sorin David1, Mihaela Gheorghiu1, Mihnea Rosu-Hamzescu1,2, Dumitru 

Bratu1 
1 International Centre of Biodynamics, Bucharest, Romania 

2 University of Bucharest, Romania 
 

5. Modular organization in alcohol dependent patients: a comparison across different cohorts. 

Giulia Forcellini, Cecile Bordier, Angelo Bifone 
Center for Neuroscience and Cognitive Systems, Istituto Italiano di Tecnologia, Rovereto, Italy 
 

6. Dynamic functional connectivity of the prefrontal cortex shows multifractal properties 

Frigyes Samuel Racz, Peter Mukli, Andras Eke 
Department of Physiology, Semmelweis University, Budapest, Hungary 
 

7. Brain connectivity estimation on single-trial: a simulation study based on ridge regression 

Y. Antonacci1,2, J. Toppi1,2, D. Mattia2 and L. Astolfi1,2 
1 Dept. of Computer, Control and Management Engineering, Sapienza University of Rome, Italy 

2 Neuroelectrical Imaging and BCI Lab, IRCCS Fondazione Santa Lucia, Rome, Italy 
 

8. Relationship beetween Heart Rate Varibility, EEG functional connectivity and executive functions 

Alba, G., Muñoz, M.A., Vila, J. 
Laboratory of Human’s Psychophysiology and Health, University of Granada, Spain 
 

9. Multiscale quantification of vital signs network for early prediction of sepsis in critical care patients 

Supreeth P. Shashikumar1, Qiao Li3, Gari D. Clifford2,3, and Shamim Nemati3*, 
1 Department of Electrical and Computer Engineering, Georgia Institute of Technology 

2 Department of Biomedical Engineering, Georgia Institute of Technology 

3 Department of Biomedical Informatics, Emory University, Atlanta, GA 30322 
 

10. Automatic detection of the Mid-sagittal Plan (MPS) for supporting Parkinson disease diagnosis 

F. Bertacchini1, R. Rizzo2, P. Pantano2, E. Bilotta2, A. Luca3, A. Lopez3, A. Mazzuca3 
1 University of Calabria, DIMEG Department  

2 University of Calabria, Physics Department 

3 Cetraro Hospital, CS, Radiological Unit 
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Poster Session II                                        
 

17:35-19:00           Wednesday, 26 July, 2017 
 

1. Gene ontology, term co-occurrence and schizophrenia: an exploratory analysis 

Aparna Basu 
Guest Faculty, South Asian University, Chanakyapuri, New Delhi 110021, India 
 

2. Consensus clustering approach to group brain connectivity matrices 

Javier Daparte Rasero, Mario Pellicoro, Leonardo Angelini, Jesus M Cortes, Daniele Marinazzo, Sebastiano Stramaglia 
BioCruces Health Research Institute, University of Bari, Italy 
 

3. Correlations in the magnitude time series as an index of nonlinearity 

Manuel Gomez-Extremera1, Pedro Carpena1, A. R. Romance2, Ana V. Coronado1, Pedro A. Bernaola-Galvan1 
1 Dpto. de Fisica Aplicada II. ETSI de Telecomunicacion. University of Malaga. 29071 Malaga, Spain. and 

2 Dpto. de Didactica de las Lenguas, las Artes y el Deporte. Facultad de Ciencias de la Educacion. University of Malaga. 29071 

Malaga, Spain. 
 

4. Graph potential to characterize brain connectivity 

Amoroso N.1,2, Bellotti R.1,2, La Rocca M.1,2, Monaco A.2, Tangaro S.2 
1 Università degli studi di Bari “A. Moro”, Dipartimento Interateneo di Fisica “M. Merlin”.  

2 Istituto Nazionale di Fisica Nucleare, sez. di Bari. 
 

5. Entropy Measures and Estimators for the Characterization of Short-Term Cardiovascular Complexity Under 

Physiological Stress 

Martina Valente1, Michal Javorka2, Giandomenico Nollo1, and Luca Faes1 
1 BIOTech, Dept. of Industrial Engineering, University of Trento, Trento, Italy 

2 Dept. of Physiology, Comenius University Bratislava, Jessenius Faculty of Medicine, Martin, Slovakia. 
 

6. Sensitive platform for dynamic assessment of cellular effects of target endo- and exo- genous compunds: case 

study amyloid β 

Mihaela Gheorghiu1, Luciana Stanica1,2, Eugen Gheorghiu1,2 
1 International Centre of Biodynamics, 1 B Intrarea Portocalelor, 060101 Bucharest, Romania 

2 Faculty of Biology, University of Bucharest, 91-95 Splaiul Independentei, Bucharest, Romania 
 

7. Constructing networks from multivariate time series data 

Toshihiro Tanizawa,1, ∗ Tomomichi Nakamura,2, † and Michael Small3, ‡ 
1 National Institute of Technology, Kochi College, Monobe-Otsu 200-1, Nankoku, Kochi 783-8508, Japan 

2 Graduate School of Simulation Studies, University of Hyogo, 7-1-28 Minatojima-minamimachi, Chuo-ku, Kobe, Hyogo 650-0047, 

Japan 

3 School of Mathematics and Statistics, The University of Western Australia, 35 Stirling Hwy., Crawley, WA 6009, Australia 
 

8. Long-term impairment of calcium signaling promotes Drosophila obesity 

Yanjun Xu1 and Ronald P. Kühnlein1,2 
1 Research Group Molecular Physiology, Max Planck Institute for Biophysical Chemistry, Am Faßberg 11, D-37077 Göttingen, 

Germany. 

2 Institute of Molecular Biosciences, University of Graz, Humboldtstraße 50, A-8010 Graz, Austria 
 

9. Homeostasis from a time-series perspective: gaussian regulated variables vs. fractal effector variables 

Ruben Fossion,1, 2 Jean Pierre J. Fossion,3 Ana Leonor Rivera,1, 2 Octavio B. Lecona,2, 4 Juan C. Toledo-Roy,2 Karla P. 

Garcia-Pelagio,5 Lorena Garcia-Iglesias,6 and Bruno Estanol2, 7 
1 Instituto de Ciencias Nucleares, Universidad Nacional Autonoma de Mexico, 04510 Mexico City, Mexico 

2 Centro de Ciencias de la Complejidad (C3), Universidad Nacional Autonoma de Mexico, 04510 Mexico City, Mexico 

3 Belgian Association of Medical Acupuncture (ABMA-BVGA), 1080 Brussels, Belgium 

4 Maestria en Dinamica No Lineal y Sistemas Complejos, Universidad Autonoma de la Ciudad de Mexico, 03100 Mexico City, 

Mexico 

5 Facultad de Ciencias, Universidad Nacional Autonoma de Mexico 04510 Mexico City, Mexico 

6 Posgrado en Ciencias Fisicas, Universidad Nacional Autonoma de Mexico 04510 Mexico City, Mexico 

7 Laboratorio de Neurofisiologia Clinica, Departamento de Neurologia y Psiquiatria, Instituto Nacional de Ciencias Medicas y 

Nutricion “Salvador Zubiran", Mexico City, Mexico 
 

10. Data Collection and Research with MargheritaTre 

Stefano Finazzi, Elena Garbero, Giulia Mandelli, Matteo Mondini, Giampietro Trussardi, and Guido Bertolini 
IRCCS Istituto di Ricerche Farmacologiche Mario Negri, Villa Camozzi, Via G.B. Camozzi 3, Ranica, Italy 
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Participants 
 

Luis F. Ciria Perez, Ph. D. student  

Mind Brain and Behavioral Research Center, University of Granada, Spain 

Email: lciria@ugr.es 

 

Martina Valente, MS student 

Department of Telecommunications Engineering, University of Trento, Italy 

Email: martina.valente.mail@gmail.com 

 

Thorsten Rings, Ph. D. student 

Helmholtz-Institute for Radiation and Nuclear Physics and Interdisciplinary Centre for Complex Systems, Bonn 

University, Germany 

Email: thorsten.rings@uni-bonn.de 

 

Javier Rasero Daparte, Ph. D., Post-doctoral Researcher 

BioCruces Health Research Institute, University of Bari, Italy 

Email: jrasero.daparte@gmail.com 

 

Yu-tian Yu, Ph. D., Post-doctoral fellow 

Institute of Acupuncture and Moxibustion, China Academy of Chinese Medical Sciences, Beijing, China 

Email: 195824064@qq.com 

 

Michael Müller, Ph. D. student 

Sleep-Wake-Epilepsy-Center (SWEZ), Department of Neurology and Support Center for Advanced 

Neuroimaging (SCAN), University Institute for Diagnostic and Interventional Neuroradiology, Inselspital, Bern 

University Hospital, Switzerland  

Email: michael.mueller2@insel.ch 

 

Wanting Xiong, Ph. D. student 

School of Systems Science, Beijing Normal University (BNU), China 

Email: wanting.x12@gmail.com 

 

Manuel Gomez Extremera, Ph. D. student 

Department of Applied Physics II, University of Malaga, Spain 

Email: mgomez_3@uma.es 

 

Matteo Zanetti, Ph. D. student 

Department of Industrial Engineering, University of Trento, Italy 

Email: matteo.zanetti@unitn.it 

 

Man Luo, MS student 

Institute of Acupuncture and Moxibustion, China Academy of Chinese Medical Sciences, Beijing, China 

Email: 602320264@qq.com 

 

Pedro Bernaola-Galvan, Ph. D., Professor 

Department of Applied Physics II, University of Malaga, Spain 

Email: rick@uma.es 
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Pedro Carpena, Ph. D., Professor 

Department of Applied Physics II, University of Malaga, Spain 

Email: pcarpena@ctima.uma.es 

 

Chunhua Bian, Ph. D., Associate Professor 

School of Electronic Science and Engineering, Nanjing University, China 

Email: bch@nju.edu.cn 
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Announcements 
 

Special Issue in the journal Physiological Measurement 

 

In parallel with the ISINP meeting, we organize a special issue in the journal Physiological Measurement, 
published by IOP Science, entitled: “The new field of Network Physiology: redefining health and disease through 
networks of physiological interactions". 

  

Despite the vast progress and achievements in systems biology and integrative physiology in the last decades, 

we do not know the basic principles and mechanisms through which diverse physiological systems and organs 

dynamically interact as a network and integrate their functions to generate a variety of physiologic states 

and pathological conditions at the organism level. 

  

This special issue will focus on both empirical and theoretical interdisciplinary work with contributions ranging 

from applied math, statistical physics, nonlinear dynamics and complex networks to biomedical engineering, 

neuroscience, physiology and clinical medicine, and is now open for manuscript submissions. 

  

More information is available on the journal website: 

  

http://iopscience.iop.org/journal/0967-3334/page/Focus-issue-on-the-new-field-of-Network-Physiology 

  

Several manuscripts have already been submitted, and we invite all ISINP attendees and speakers to contribute 

work related to Network Physiology. 

 

 

 

Social Event 

 

Classical Music Concert   

Como Opera Theater - Teatro Sociale di Como             19:00-20:00           Friday, 28 July, 2017 

  

Dinner              

Osteria l'Angolo del Silenzio                             20:30-22:30           Friday, 28 July, 2017 
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Thank you for being part of this first inaugural international event on Network Physiology. 

 

We look forward to meeting you again in 2019! 
 

 

 


